This study provides information about relative abundance, herd size, activity pattern, and occupancy of ungulates at Los Chimalapas, southeastern Mexico, one of the last refuges inhabited by two conservation priority ungulate species: Tapirus bairdii and Tayassu pecari. For three years, four species of ungulates were recorded using camera traps: T. bairdii, T. pecari, Mazama temama, and Tayassu tajacu, involving an effort of 8529 trap-days and 839 records. T. pecari was found to be highest in relative abundance, while T. tajacu's abundance was lowest. Populations were composed principally of adults, but there were records of offspring for all four species. The herd size was smaller compared to other populations of T. tajacu and T. pecari. Occupancy models were used to analyze the presence of the species in the region and showed that M. temama and T. bairdii had a high occupancy probability. In comparison, the occupancy probability of T. pecari was low. This study shows that ungulate populations are still breeding, and have higher possibility of permanence, in Los Chimalapas, Southeastern Mexico. The region is an important area for the conservation of T. bairdii and T. pecari, both disappeared from some other areas of the southeast.
Introduction
The ungulate group plays various important roles in the dynamics of a habitat, due to their feeding habits, they are herbivores, that include fruits and seeds. As a consequence, they are also seed dispersal agents and some plant species depend on these animals for the germination of their seeds (Bodmer, 1991) . Ungulates also repre-sent an important biomass and are a food resource for predators (Nuñez et al., 2000; Mandujano, 2007) as well as for local human communities (due to the abundance of meat obtained when hunted; Naranjo et al., 2004; Santos-Fita et al., 2012) .
However, for some of the species in this group, there is not enough basic information, and it is difficult to determine their size population and, hence, their state of conservation. In particular, the Central American red brocket (Mazama temama) is classified by IUCN under 'insufficient data' because there is very little information on the size of its populations (IUCN, 2014) . Other species have been more widely studied, but they still show insufficient information, such as the genus Tayassu (Gallina & Mandujano, 2009) . Ecological studies indicate that variations in abundance, activity or use of sites by ungulates are associated the seasons, the magnitude of human activity, the presence of other species of the same trophic guild, or the availability of resources (Keuroghlian et al., 2004; Di Bitetti et al., 2008; Pérez-Cortez et al., 2012; Reyna-Hurtado et al., 2012) .
Camera traps have been used successfully to estimate the abundance of individually-marked species and species richness (Di Bitetti et al., 2008; Tobler et al., 2008) . These devices are useful in areas with rugged topography or dense vegetation, and they allow detection of the rarest or nocturnal species, such as ungulates (Tobler et al., 2008) . In recent years, camera traps have been used to study activity patterns, habitat-use, density and occupancy of ungulates (Reyna-Hurtado, 2007; Tobler et al., 2008; Rovero & Marshall, 2009; Carbajal-Borges et al., 2014) .
Of the 11 ungulate species found in Mexico, six of them inhabit the southeastern region of the country: M. temama, the Yucatan brown brocket; Mazama pandora, the white tailed deer Odocoileus virginianus, the white-lipped peccary; Tayassu pecari, the collared peccary; Tayassu tajacu; and the Baird's tapir Tapirus bairdii (Lorenzo et al., 2008) . However, the forest cover in Southeastern Mexico has undergone major changes which have resulted in a significant reduction of the native species habitats, including that of ungulates (Gallina & Mandujano, 2009; Naranjo, 2009; Reyna-Hurtado, 2009; Carbajal-Borges et al., 2014) . Thus, the original habitat of T. pecari is reduced by 80%, and populations remain in the states of Oaxaca, Chiapas, Campeche and Quintana Roo ). In the case of T. bairdii, the reduction has reached 50%, and it is present only in Veracruz, Campeche, Chiapas, Quintana Roo and Oaxaca (Naranjo, 2009 ). Furthermore, these species are subject to hunting in the regions where they are distributed, with the ensuing reduction of their populations (Naranjo, 2009; Reyna-Hurtado et al., 2009; Santos-Fita et al., 2012) .
The Los Chimalapas region is located at the state of Oaxaca of Southeastern Mexico. Los Chimalapas form part of the Selva Zoque-La Sepultura Priority Terrestrial Region, together with El Ocote and La Sepultura in Chiapas and the Uxpanapa region in Veracruz ( fig. 1 ). The original vegetation cover is present in nearly 90% of the territory, and shows a high level of conservation. Even though the deforestation rate is low in the region, the expansion of livestock areas and deforestation are increasing, mainly in the areas close to villages (Ortega del Valle et al., 2012) . Four ungulate species inhabit this area, two of which are listed as endangered species and conservation priorities: T. bairdii and T. pecari (SEMARNAT, 2010) . O. virginianus is considered relatively common in other regions, and M. temama has not been sufficiently studied. In this region, there are also other mammalian species considered conservation priorities, such as the jaguar Panthera onca and the spider monkey Ateles geoffroyi (Olguín et al., 2008) . Notwithstanding this biodiversity, there is limited ecological data in the region, especially for T. pecari and M. temama. This study provides information on relative abundance, herd size, activity pattern, and occupancy (that is, the area occupied by the species) of ungulates at Los Chimalapas, one of the few refuges inhabited by two ungulate species considered a conservation priority.
Significant variations are expected to occur in terms of relative abundance and the activity pattern between the dry and rainy seasons, as has been observed in other regions (Keuroghlian et al., 2004; Pérez-Cortez et al., 2012) . Also, it is expected that species occupancy will be higher in optimal regions, i.e., those located far from human activities and with a small abundance of other competitor species.
Methods

Study site
The study site is located in the northern region of Los Chimalapas in Southeastern Mexico. The sampling site is located in the vicinity of the rivers locally known as Piedra de Letra and Oaxaca, in addition to many other smaller streams ( fig. 1 ). The tropical rain forest covers more than 46% of the region with species such as Astrocaryum mexicanum, Desmoncus chinantlensis, Bactris mexicana, Chamaedorea spp., and trees such as Cordia, Spondias and Ficus (Ortega del Valle et al., 2012) . The climate is warm-humid with a monthly average temperature that ranges from 18 to 26°C. Average annual precipitation is 2000 mm (Salas et al., 2001) . The topography of the region is irregular, with heights that range from 100 to 2550 meters above sea level.
Data analysis
A total of 29 sampling stations were installed from March 2011 to June 2013, covering an area of 22 km 2 . Unbaited camera traps were placed at a height of 30 cm above ground. Three camera traps were placed in the rainforest next to rivers, four on trails, five in areas that were close to livestock, and the rest inside the forest. Because of the particular topographical conditions of Los Chimalapas, traps were spaced from 0.5 to 1.5 km apart. The models used were Wildgame IR4 4MP Digital Game Scouting Camera, ScoutGuard SG550/SG550V 5MP and Bushnell Trophy Cam 5MP. All traps were set to remain active for 24 h. The delay period between photographs varied from 3 seconds to 1 minute.
In order to ensure that all events were independent and to avoid pseudoreplication (Tobler et al., 2008) , for each species all photographs taken by each sampling station within a one hour span were considered as single records. In the case of gregarious species each observed individual was considered as a single record. The relative abundance was quantified as the number of single records during 100 daystrap. Variations in the relative abundance between the dry and rainy seasons were assessed by means of the Mann-Whitney U test (Zar, 1999) .
In order to measure the size of the herd, the maximum number of individuals observed in each photograph was quantified. Also, the presence of offspring and young animals was recorded. Depending on the species, offspring were defined as those individuals of smaller size than adults, with clear pelage or with white dorsal sports. Young animals were those with sizes in-between adults and offspring (Mayer & Wetzel, 1987; March, 2005; March & Mandujano, 2005; March & Naranjo, 2005) .
Occupancy models were used to analyze the proportion of area occupied by the species (Mackenzie et al., 2006) . These models were developed taking into account that the presence of other species and the environmental conditions may have an influence on the probability of ungulates occupying the area. The models evaluated were those in which the occupancy probability (ψ) is affected by 1) the proximity to the nearest village (ψ village p), 2) livestock areas (ψ livestock p), 3) bodies of water (ψ water p), 4) the presence of another ungulate species capable of competing (ψ species p), and 5) none of the evaluated factors having an influence (ψp) (see results). The effect of these variables on the occupancy probability was measured through a regression model with regression coefficient (beta). In all cases, the detection probability (p) was considered constant. Occupancy was considered closed to changes during the sampling period. Because the region shows a similar canopy cover in the whole area under study, and there is scarce human activity, these variables were not included. The proximity between the trap and the nearest body of water varied from 0.1 to 3 km, and between the trap and the nearest village it ranged from 0.3 to 8.2 km, while the proximity between the trap and the livestock areas varied from 0.2 to 3.1 km. In order to evaluate the impact of the presence of other species, the number of single records of each species in each camera trap site was used. Environmental variable values were calculated with the ArcGis software, version 9.3 (Esri, 2008) , and each value was standardized and expressed as the difference between each value in relation to the variable mean, divided by its standard deviation. Analyses were carried out for each species and, the Presence software, version 7.5 was used for the construction and evaluation of the models (Hines, 2006) . The best candidate model was selected according to the Akaike Information Criterion modified for small samples (AICc; Burnham & Anderson, 2004) .
To analyze the activity pattern of each species, the 24 h period was divided into hour-long segments, and each independent record was classified within those intervals. To avoid an overestimate of activity in the case of gregarious species, a single record was the herd. For example, if the herd was formed by 10 individuals, herd was considered a single record regardless of the number of individuals in the group. Species were classified as diurnal, nocturnal or crepuscular according to their period of greater activity (i.e., higher frequency of records). The activity pattern was compared between seasons (dry and rainy), using the non-parametric Mardia-Watson-Wheeler W test. When the sample size was less than 10, the Watson U 2 test was used. The Oriana software, version 4, was used for statistical tests (Kovach Computing Services, 2011) . Tests were considered significant with p 0.05.
Results
Four species of ungulates were recorded: M. temama, T. pecari, T. tajacu and T. bairdii with an effort of 8529 days-trap, and 839 single records. Additionally, three predators were recorded (P. onca, puma Puma concolor, and ocelot Leopardus pardalis) and other species recorded were paca (Cuniculus paca), agouti (Dasyprocta mexicana), or tayra (Eira barbara). T. pecari obtained the highest relative abundance (R.A. = 4.97 records in 100 days-trap) followed by T. bairdii (1.71), M. temama (1.69) and T. tajacu (1.47; table 1). Within each season, the difference in the abundance of species between one year and the next was not significant in the dry season: 2011-2012 (U = 2.0, P = 0.08), 2011-2013 (U = 6.0, P = 0.56), and 2012-2013 (U = 6.0, P = 0.56); nor in the rainy season: 2011-2012 (U = 6.0, P = 0.56). Given these results, all the data corresponding to each season was used to make the final comparisons, but the difference in the abundance pattern between each season was not significant (U = 5.5, P = 0.38).
T. bairdii and M. temama were registered as solitary animals in most of the records (>90%). Also, 60% of the T. tajacu records showed one individual and 40% were groups of between 2 and 5 animals (mean = 2.72 ± 0.20, N = 23 records). In the case of T. pecari, 15% of the records showed one individual and 85% were groups of between 2 and 34 individuals (mean = 7.25 ± 1.01, N = 55).
Offspring of T. tajacu and M. temama were recorded during the rainy season. Young M. temama were only recorded in the dry season (January, April and May; N = 4). Offspring and young T. pecari were recorded in both seasons (February-April, June, August-November). The herds showed records of maximum four offspring (N = 16) and four young animals (N = 16). Offspring and young T. bairdii were recorded in the dry season (May, N = 3).
In view of the few records, data was grouped in one-month blocks, which allowed us to obtain 27 sampling occasions. Models linking the occupancy probability to an environmental variable presented high AICc values compared to those related to the presence of other species (table 2) . The occupancy probability of M. temama was higher in places far away from villages (beta = −1.169, S.E. = 0.78), while that of T. bairdii was positively related to the proximity of water (beta = 3.001, S.E. = 1.92). The occupancy probability of T. tajacu was negatively related to the presence of T. bairdii (beta = −1.082, S.E. = 0.56). The occupancy probability of T. pecari was not related to any of the variables under analysis. M. temama and T. bairdii showed a high occupancy probability (ψ > 0.8), followed by T. tajacu (ψ = 0.59). The detection probabilities were low for all species (p < 0.11; table 2).
Two species were mainly diurnal: T. tajacu (95% of the records, N = 73) and T. pecari (73%, N = 64). The highest activity levels of T. tajacu occurred between 08:00 and 10:00, while those of T. pecari were from 16:00 to 20:00. T. bairdii was mainly nocturnal (74%, N = 143), with maximum levels of activity were from AICc, Akaike Information Criterion, modified for small samples; AICc weight, relative contribution of each model in relation to all the models; ψ , occupancy probability; p, detection probability; S.E., standard error of the parameter. 03:00 to 04:00, and from 18:00 to 21:00. M. temama showed cathemeral activity pattern (fig. 2) .
The difference in the activity pattern between one year and the next was not significant for the dry season (P > 0.1) or the rainy season (P > 0.29). Therefore, the data was combined for the final analyses. The difference of activity pattern between dry and rainy seasons was not significant for any of the species under study: T. tajacu (W = 4.67, P = 0.09), T. pecari (W = 0.89, P = 0.64), M. temama (W = 4.42, P = 0.10) and T. bairdii (W = 3.51, P = 0.17). 
Discussion
Five species of ungulates inhabit Los Chimalapas, and four of them were recorded in this study. O. virginianus was not recorded although it has been recorded in the southern region (Olguín et al., 2008) . This can be compared to other areas in Mexico. Studies have shown variability in the richness, species composition and abundance of ungulates communities. The region with higher richness was Calakmul, Campeche with five species and M. temama and T. pecari showed higher abundance (Reyna-Hurtado, 2002) . In the case of El Edén Ecological Reserve at Quintana Roo, there is four species, and O. virginianus and T. tajacu showed higher abundance (González et al., 2008) . In the Lacandona rainforest, Chiapas, inhabit five species. M. temama, T. tajacu and T. pecari were abundant (Naranjo & Bodmer, 2007; Tejeda-Cruz et al., 2009) . In other regions the abundance, richness and species composition were different in the ungulates ensembles too (Bodmer, 1989; Weber & González, 2003; Tobler et al., 2008) . These differences might possibly be due to environmental heterogeneity, availability of resources and the degree of conservation (Weber & González, 2003; Naranjo, 2009; Reyna-Hurtado et al., 2012) .
Some authors consider that T. pecari and T. tajacu do not have a specific breeding season (March, 2005; March & Mandujano, 2005) . However, others state that breeding is seasonal and is possibly related to the periods with higher food availability in each region (Altrichter et al., 2001; Reyna-Hurtado et al., 2009) . Offspring and young animals were recorded in both seasons for all the ungulates species at Los Chimalapas. T. pecari and T. tajacu offspring and young animals were present in two periods of the year. M. temama offspring were only recorded during the rainy season and young animals during the dry season. In the case of T. bairdii offspring and young animals were recorded during the dry season. The scarcity of records of offspring and young animals for T. bairdii and M. temama was possibly due to long gestation periods (240 days in the case of T. temama and 400 days for T. bairdii), a long rearing period (one year) and few offspring -normally one per birth (Pukazhenthi et al., 2013) . Thus, these individuals are difficult to record.
The higher percentage of adults in the populations of ungulates at Los Chimalapas matches that of other studies undertaken by means of direct observation or other techniques. For instance, at the Lacandona rainforest, the populations of five ungulates are composed of 54-95% adults (Naranjo & Bodmer, 2007) , while the population of T. pecari and T. bairdii are integrated by 90% adults in Calakmul, Mexico (Pérez-Cortes et al., 2012) .
As in other regions, the herd size of T. pecari was larger than that of T. tajacu at Los Chimalapas. However, for both species the herd size was smaller than that reported for other areas: in the case of T. pecari, the variation is 15-31 individuals at the Calakmul region in Mexico (Reyna-Hurtado, 2007) , or 15-70 individuals at South America (Peres, 1996; Altrichter & Boaglio, 2004; Keuroghlian et al., 2004) . In the case of T. tajacu, the species generally show a small herd size: 4-10 individuals at El Edén Ecological Reserve, in Mexico (González et al., 2008) , or 2-10 individuals in South America (Peres, 1996; Altrichter & Boaglio, 2004; Keuroghlian et al., 2004) . It is possible that this difference is due, on the one hand, to the environmental variability, and on the other hand, to the difficulty to register each member of a herd with camera traps. So it could be that herds were not fully recorded because animals usually move in a row. Consequently, it remains possible that the herd size at Los Chimalapas is similar to that in the above mentioned areas.
Occupancy probability of M. temama showed a negative relation with the distance to the village, while T. bairdii had a positive relation regarding the distance to bodies of water. In the other regions, the occupancy of species is related to environmental variables too, such as areas near a body of water (Reyna-Hurtado, 2007; Pérez-Cortes et al., 2012; Reyna-Hurtado et al., 2012) or protected areas (Di Bitetti et al., 2008) . A low probability of detection presented in all species may be a consequence of their cryptic behavior and, in the case of T. pecari, to its nomad behavior (Mayer & Wetzel, 1987; Keuroghlian et al., 2004) .
At Los Chimalapas, T. pecari and T. tajacu were recorded in the same sites, although at a different time. In the Atlantic Forest of Brazil, both species have been observed occupying the same sites. However, T. pecari have home range nine times larger than that of T. tajacu. Additionally, T. pecari stays only for a few days in an area and presents a greater nomad behavior, while T. tajacu forages for longer periods in each site (Keuroghlian et al., 2004) . It is possible that the behavioral difference was a factor that determined the lower probability of occupancy of T. pecari in the area under study.
The general activity pattern of ungulates at Los Chimalapas was similar to other regions (Keuroghlian et al., 2004; Reyna-Hurtado, 2007; Carbajal-Borges et al., 2014) , and there were no records of variations in the diurnal and nocturnal activity throughout the year. This activity may possibly be related to the high degree of conservation that allows species to be active during the day. Additionally, the differences in the time of maximum levels of activity might have contributed to the co-existence of the species, mainly between T. pecari and T. tajacu.
Other studies show that hunting pressure may affect abundance and daily activity patterns of ungulates (Di Bitetti et al., 2008; Reyna-Hurtado et al., 2009 ). Poaching in the study site is low and is concentrated mainly in C. paca and great curassow (Crax rubra). However, in areas near large villages the number of hunted species increases, as well as hunting purposes (i.e., for sale or as pets; Salas et al., 2001) . Possibly, hunting pressure still has no impact on the activity and abundance of ungulates in the study site. However the loss of the forest may be the main problem faced by these species at Los Chimalapas, especially in areas that are near to villages.
Conservation implications
At Los Chimalapas, there are still five species of ungulates, four of which are analyzed in this study. This region is located in the Mesoamerican Biological Corridor. However, recent studies indicate that there is limited connectivity between the states of Oaxaca and Chiapas, at Southeastern Mexico. This generates isolation and difficult the dispersion of individuals, as indicated for T. bairdii in the region (Mendoza et al., 2013) , and possibly for T. pecari too. The loss of connectivity between Los Chimalapas and other sites where both species are distributed may result in the isolation of populations. T. pecari and T. bairdii disappeared from some areas of the southeast (Naranjo, 2009; Reyna-Hurtado et al., 2009) . Los Chimalapas is one of the last refuges where these priority species are found; the region is still well preserved, but it is not included in any governmental conservation program. As documented in this study, Los Chimalapas shelters reproductive populations of T. bairdii and T. pecari, the former falling in the endangered category, and the latter considered a vulnerable species at the international level (IUCN, 2014) . It is therefore necessary to undertake effective actions in order to ensure, in the first place, their permanence in the region, and in the second place, to reestablish the connectivity with other regions where these species are distributed.
